In the present work a micromechanical study is carried out to evaluate the longitudinal and transverse properties of nanobased composite materials. The analysis is performed by selecting two different fibres (T-300, Boron) which are reinforced in nano based matrix. The nano-sized reinforcement considered for the present work is buckminster fullerene. The fullerene is idealized as a hollow sphere with uniform thickness. The analysis is performed in two stages. In the first stage the buckminster fullerene reinforced composite material properties are obtained using continuum approach and in the second stage the analysis is extended by reinforcing the T-300, Boron fiber in buckminster fullerene reinforced composite to characterize the mechanical behavior. The finite element method is used to perform the micromechanical analysis of the composite material. Better enhancement in the transverse properties of the composite material is observed by buckminster fullerene in FRP composites.
Introduction
Composite materials are replacing several conventional materials because of their high strength and high stiffness to weight ratios. These material shows superior strength in the fiber aligned direction than other transverse directions because of its high longitudinal modulus of the fiber constituent. In the present decade composite materials are further replacing by nanocomposite material for better enhancement of the properties of resulting composite material. The characterization of nano composites materials are achieved by using two approaches. One is computational chemistry techniques and another method is computational mechanics approach. For the small length and time scale former method is used and for the largest length and time scales later method is used to predict the mechanical behavior of the nano composite materials. The computational chemistry method further divided in Quantum mechanics and Nanomechanical modeling tools which assumes the presence of a discrete molecular structure of matter. And the computational mechanics is sub divided into micromechanics and structural mechanics assume the presence of a continuous material structure. However for intermediate length and time scale multiscale modeling techniques are adopted which takes the advantage of both computational chemistry and computational mechanics. The continuum based methods include the techniques such as Finite Element Method, Boundary Element Method, and the micromechanics approach is developed for the composite materials. Fem based micromechanics has been used extensively for the mechanical characterization of nanostructured composites. Several authors adopted the finite element based micromechanics to evaluate the mechanical properties of nanocomposites. For example Slemi et al (2007) predicted the elastic properties of carbon nanotube reinforced composites using several micromechanical methods. Ding et al (2007) determined the influence of the thickness of the CNT on the resulting Young's modulus using atomic finite element method. The carbon nanobased composites damping behavior is investigated by Lin (2010) using micromechanical analysis. Wang et al (2009) reported the results of an effect of chiral vector of carbon nanotubes and the modulus of matrix on the interfacial stresses of CNT reinforced composites. Behnam Ashrafi et al (2006) evaluated elastic properties of carbon nanotubes using finite element method considering both uniform and random distribution of CNTs in matrix. Hua Liu (2008) determined the reinforcing efficiency of the nanotubes and nano platelets using one of the techniques of micromechanics and their study is extended for both uniform and random distribution with the inter-phase effect. Florian. et al (2005) determined the influence of different types of CNT on the matrix phase by conducting several experiments. The effect of SWNT, DWNT, MWNT on the epoxy resin are highlighted. Chen et al (2004) used square representative volume elements to evaluate the mechanical response of carbon nanotube reinforced composites. Hu (2012) determined the macroscopic properties of carbon nanotube reinforced composite materials by considering Finite Element Method. Three dimensional Finite Element methods are adopted to evaluate young's modulus and shear modulus and coefficient of thermal expansion by Sushen Irtania et al (2007) . Odegard et al (2002) used continuum mechanics to characterize the mechanical behavior of CNT reinforced composites. Joshi et al (2011) predicted the mechanical properties of carbon nanotube reinforced composites based on the continuum mechanics approach using a hexagonal representative volume element (RVE) under lateral loading conditions. A three-dimensional finite element (FE) model for armchair, zigzag and chiral single-walled carbon nanotubes (SWCNTs) is proposed by Tserpes (2005) . The objective of the present work is to model a composite fiber is reinforced in a nano mixed matrix to predict the average properties of the total composite in order to quantify the effect of nano reinforcement using two stage micromechanics approach. Transverse Modulus of fiber reinforced Composites
Nomenclature

Problem Description
In this section complete description of the problem undertaken is illustrated. The total work is planned is two phases. In the first phase, properties of polymer matrix reinforced with buckminster fullerene are obtained, and in the second phase the properties of total composite which includes nano and fiber reinforcement are obtained using micromechanical approach.
Numerical Homogenization for Buckminster Fullerene Composites
The main constituents of buckminster fullerene reinforced composites are fullerene and epoxy matrix. The fullerene distribution in the epoxy resin is usually in non uniform nature. To analysis such type of composite materials and speed up the simulation process, a periodic distribution of fullerene reinforcement in the matrix phase is assumed so that the shape of representative volume element is a cube. The fullerene is idealized as a hollow sphere with uniform thickness. Due to symmetry in terms of geometry, loading, boundary conditions only one eighth portion of the RVE is modeled. The finite element software ANSYS is very appropriate tool to solve the current problem. Fig. 1 Uniform distribution of fullerene in matrix
Geometry
As one eight portion of unit cell is taken for finite element modeling, the FE model consists of a cube of side 'a' with an embedded one eight hollow sphere at one of the corners which is also the center of the sphere. (Fig. 2) . The size of the RVE is calculated according to the volume fraction of the fullerene by maintaining constant size of the reinforcement. The inner radius of buckminster fullerene is 4.6nm and the outer radius of the fullerene is 5.0 nm so that the thickness of the buckminster fullerene is 0.4nm. Tserpes (2005) 
Element Type
The element used for the present analysis is SOLID 95 of ANSYS which is developed based on threedimensional elasticity theory and is defined by 20 nodes having three degrees of freedom at each node: translation in the Node x, y and z directions. The Finite element model at 6% volume fraction of the fullerene is shown in Fig. 3 . The center of the sphere is the origin of the model and the X, Y, Z axis are parallel the three mutually perpendicular edges of the cube. Fullerene Matrix
Boundary Conditions and Loading
Due to the symmetry of the model; the following symmetric boundary conditions are used. At x = 0, U x = 0; At y = 0, U y = 0; At z = 0, U z = 0. In addition multipoint constraints are imposed on the positive faces (x, y & z) of the FE model. The uniform tensile load is applied on the positive z-plane of the model.
Material Properties
The material properties for continuum model of buckminster fullerene are not available in existing literature. The present analysis is performed by taking the properties of continuum model of CNT. Tserpes (2005) Buckminster Fullerene: Young's modulus E P = 1000 GPa, Poisson's ratio (ν p ) = 0.3. Polymer Matrix: Young's E m = 5.171GPa, Poisson's ratio. Tserpes (2005) ν m = 0.35.
Mesh Convergence for Buckminster Fullerene Composites
Mesh convergence is carried out and the results are presented in Table. 1. The normalized Young's modulus and normalized Poisson's ratio obtained for 4% v p are presented in the Table. 1. There is no further change in the normalized Young's modulus and Poisson's ratio values beyond 9 divisions. Hence the mesh density is fixed at 9 divisions. 
Elastic properties of Fullerene/epoxy Composites at Different Volume Fraction of Fullerene
Converged FE models are used to obtain the properties of fullerene reinforced composites. Table 2 presents the Normalized Young's modulus and Poisson's ratio with respect to the volume fraction of the fullerene. Due to symmetric arrangement of reinforcement, the composite properties are isotropic. 
Numerical Homogenization for Solid fiber Reinforced Composites
In this section the homogenization method is applied for solid fiber reinforced composite by selecting T-300 and Boron fibers as reinforcement to perform the analysis. Mixture of Buckminster fullerene reinforced Polymer is used as matrix material. 
Geometry
The Finite Element analysis of equivalent homogeneous matrix/T-300 or Boron fiber composite can be performed in the similar manner to that described in the earlier section. The square shaped RVE is considered for the present analysis. The dimensions of the finite element model are taken as X=100 units, Y=100 units, Z=10 units. The radius of the circular fiber is 79.788 units so that the Volume Fraction of the Fiber is 50%.
Loading and Boundary Condition
The constrains applied on the FE model are similar to the above as discussed in earlier section. Uni-axial state of stress is applied on the area at z=10 units to predict longitudinal Young's modulus E 1 (Fig.5) . Uni-axial state of stress is applied on the area at x=100 units to predict transverse Young's modulus E 2 (Fig.6) . 
Material properties
The material properties of T-300, Boron fiber and equivalent properties of Buckminster fullerene composites are listed below. Isaac M.Danial (2006) T-300 Fiber (orthotropic): E x =230GPa, E y =E z =15GPa, νxy=0.2, νyz=0.07, νxz=0.2, Gxy=27GPa, Gyz=7GPa, Gxz=27Gpa. Boron Fiber (isotropic): E=400Gpa, ν =0.2. The matrix properties are equivalent properties of buckminster fullerene composites. The equivalent properties fullerene based matrix properties are taken from 
Discussion of Results
From Fig. 7 , it can be observed that increase in % of nano reinforcement increases longitudinal Young's modulus (E 1 ) slightly than that of pure polymer matrix composite. The longitudinal Poisson's ratio (ν 12 ) is decreased with the increase in the Fullerene content (Fig.8) . Fig.9 . shows the variation of Transverse Young's modulus (E 2 ) with respect the fullerene content in the matrix. The percentage of increment in transverse modulus is very high compared to increment in longitudinal Young's modulus. The transverse Poisson's ratio (ν 21 ) is increasing with increasing in the content of fullerene in the matrix (Fig. 10) . Later the analysis is extended to boron fiber which is reinforced in fullerene -matrix. Similar responses are observed as that of T-300/fullerene -epoxy composite . But the second composite exhibits very good transverse Young's modulus. 
Conclusions:
The elastic properties of carbon nano particle induced fiber reinforced polymer composite are predicted using micromechanics approach in association with finite element method. From the analysis it is concluded that the transverse properties of the composite materials are greatly enhanced by nano reinforcement. The reason for the enhancement is that in transverse direction discontinuous in the phases is more than longitudinal direction of the composite.
